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A 70-t catch of hake



lntroduction

The hake family, Merlucciidae, comprises a
significant part of the world marine fish catch. It
accounted for 1.6 million t in 1977; 2.1"/" of the total
world catch (FAO 1978, and Table J.). In the New
Zed,and Exclusive Economic Zone (EEZ) there are
two representatives of this family: hake Merluccius
australis ¡Iutton (Fig. 1); and hoki, Macruronus
nouae4landiae Hector.

In the world's major hake fisheries, true hake
(Merluccius) tends to dominate the demersal fish
communities (Jones 197+). In the New Zealand
region hoki are dominant; they accounted for 97 750 t
(23%" of the total wetfish catch) in 1977. Catches of
New Zealand hake reached a peak o120 700 tin 1977,
but they have since declined.

The largest catches of hake have been made off the
west coast of the South Island (Westland) where the

fish accumulate for spawning. Preliminary data on
this fishery were included in an analysis of the mixed
hoki-hake fishery off Westland (Patchetl 1979). This
publication provides a more detailed analysis of the
hake fishery, includes informarion on hake biology,
and gives an assessment of the standing stock.

TABLE lz 1977 hake catches by region

Catch
Region (t)

Argentina 357 928*
South Al¡ica 621 1 13
North Atlantic 146 104
North-west Africa 63 2064
North-east Pacific 126 222
Chile 172 924
New Zealand 20 70O
New Zealand 97 75O

1FAO estimate (data from FAO 1978).

Species

Merluccius hubbsi
M. caþensis, M. paradoxus
M. m¿rlucàus
M. senegali, M. cad¿nati
M. þroductus
M. gal
M. australis
M acruronu s noa a e 4 I an diae

3Orm

Fig. l: The hake Merluccius australis
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The New Zealand hake

Distribution
Hake are widespread south of 40' S, but only locally

abundant (Fig. 2). Stock separation studies suggest
that there is one genetic stock around New Zealand
(Smith, Patchell, and Benson 1979). However, the
spatial difference between the two known fisheries
(see below) and their apparent nursery areas (see

page l0) has led to their being treated as distinct stock

units lor management PurPoses.

Fisheries
Hake have been exploited primarily by Ioreign

fishing fleets in the past, with signiÍicant catches being
reported since 1976. There are no data to indicate a

substantial local fishery on this species; though
Graham (1953) reported that hake were abundant off
the Otago Peninsula on the east coast of the South

Bottom topography
The region is characterised by several submarine

canyons which extend up to 70 nautical miles from the
shore. The largest of these are the Hokitika and Cook
Canyons (Fig. 3). These structures dominate the off-
shore region and probably greatly influence the
hydrology off Westland.

North of the Hokitika Canyon there is an extensive
continental slope which spreads north on to the
Challenger Plateau and east up on to the Karamea
Shelf. Between 400 and 900 m the bottom is flat with
few undulations apart from the Foulwind and
Paparoa Canyons. At 500 m the bottom becomes
foraminiferal silty mud (Norris 1972, McDougall
1975). South of the Hokitika Canyon the continental
slope is narrower, and towards Cook Canyon the
bottom is mainly soft mud. Further south the bottom
is very rough and water over 200 m deep is generally
unsuitable for trawling.

Island. fn addition, Waugh (1973) noted that a small
catch of hake taken off Westland (in 1967 by the New
Zealand trawler Sea Harlester I) could point to a

significant resource in deep water. This proved
correct when I 7 806 t of hake were caught off
Westland in 1977.

A new hake resource was discovered in January
1980 when 352 t were taken by two trawlers on the
Chatham Rise to the east of the South Island. A hake
roe yield of 5.3 t (1 .5'/" o!. the total weight of fish
caught) indicated that this summer fishery, in 400 to
500 m, is based on spawning or prespawning fish. The
spawning condition of the fish in this area was
confirmed by a survey in January l98l (rny
unpublished data).

Soviet data show a hake catch of 1200 t in this area
in 1977, though this amount was apparently taken
over the whole year and not in any one season.

The Westland reg¡on

Water circulation
The water circulation of the region is not yet clearly

understood. Brodie (1960) inferred that the Tasman
Current arrives from the west and splits into north-
east and south-west components when it reaches the
South Island. Garner (1961) termed the north:east
branch the Westland Current. Near Jackson Head
there is a strong south-westerly flow which passes

through Foveaux Strait and contributes to the
Southland Current (Brodie 1960, Garner 1961, Heath
1973, 1975).

Stanton (1976) discussed the circulation in the
region and found in April 197+ that current
movements were generally weak, excePt south of

Jackson Bay. He also suggested that the Westland
Current is intermittent and driven by south-westerly
winds.

Recent evidence indicates a divergence (at least in
winter) of the components of the Westland and
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Southland Currents at the Hokitika Canyon. A
subsurface drogue was released (at 200 m) from the
research vessel tames Cook in June 1979 on the
southern edge of the canyon. It travelled south-west at
0. 155 knots (8 cmls) for 4 days. Another drogue was
released north of the canyon in July 1979 and
recovered 2 months later at Paekakariki beach on the
North Island. Ichthyoplankton surveys in 1978 (my
unpublished data) indicated hoki egg and larval drift
(on the northern side of the canyon) to the north-east,
away from the spawning atea1' and on the southern
side, the drift was away to the south-west. These
surveys also indicated that there was considerable
water movement up the Hokitika Canyon and north-
eastwards 5 to l0 nautical miles off shore.

Fig. 3: Sea bottom topography off Westland

Westland hake biology

Schooling and spawn¡ng
Outside the spawning season, hake are widely

distributed over the whole of the Westland region in
600 to 800 m (data from James Cook and the Japanese
exploratory fishing vessel Såinfrai Maru). fn winter,
schools form in, or close to, tlìis depth z<.rne, ancl Lhcy
concentrated between 550 and 650 m in 1977 and 600
and 700 m in 1979.

These schools, on which the fishery is based, are
prespawning, rather than spawning, accumulations.

Shinkai Maru data from 1976 indicated that few hake
were spawning during the June-July fishing season
and that the first signs of running-ripe and spent fish
came at the end of July. In 1979 only a small
percentage of the fished population was spawning,
and by Lhe cncl uf Lhc scaso¡r (late August) more than
90% still had to spawn (Table 2). The presence of
eggs in this region south of the Hokitika Canyon after
the fishery has ended, the south-westerly current, and
the position of the Westland hake nursery ground (see



below) south of Cook Canyon, suggest that the fish
move south into the south-westerly current to spawn.

Evidence suggests that the onset of schooling is
related to temperature. Figure 4 shows weekly sea

surface temperatures from June to September for 1976

to 1979. This figure was compiled from Shinkai Maru
data, foreign fishing vessel records (surface temPera-
ture recorded at each trawl position), and James Cook
continuous temperature recordings taken during
ichthyoplankton surveys, The fishery began when the
sea surface temperature dropped below 14.5'c in three
of these four years. This was during June in 1976 and
l977,but was not until the end of July in 1979. There
was no fishery in 1978, though six vessels (including
one which had caught 870 t in 1977) were target
fishing for hake. In 1978 the temperature did not drop
to 14.5"c until August. Therefore, the absence of a
fishery that year may have been partly because the
hake schooled much later than expected. Thus, there
may have been insufficient searching during August,
when, according to the hypothesis that hake aggregate
when the surface temperature falls below I4.5"c, the
fish should have been schooling.

TABLE 2z 1979 maturity indices of female hake: percentage
composition of stages

Date
(A"g)

t+
I
_+

Stage*
3+5

84.1 8.5 3.7
84.3 7.r 2.9
84.2 6.7 \ 7

83.3 9.1 2.1
81.1 1ì.5 2.5
82.9 l l.6 1.6
81.6 rt.7 r.9
82.s 6.3 2.8
88.9 2.8 1.4
90.2 2.+ L2

6

1.2
90
6.7
+.9
+.\
3.9
+.9
7.7
o.J
6l

7
No. ol

fish

189
217
JJ I
332
30s
291
3r6
362
3r6
254

Bottom temperatures at 700 m are fairly constant at
7' to 8'c throughout the year (data from Shinkai
Maru), and hake move off the bottom at night and
disperse into mid water to feed (see below).
Ichthyoplankton data indicate that the fish aiso
spawn in mid water, but the depth range of spawning
fish is unknown. The inference is that the cue which
initiates schooling behaviour is likely to be in mid
water and to be related to the surface temperature
drop below a threshold value of 14.5"c.

S¡ze d¡str¡bution and sei rat¡o
The schools are composed of adult fish 70 to I l8 cm

long, with most fish being in the 80- to 90-cm range.
Females dominate the 86- to I l8-cm length range;
below this, males predominate. Some juvenile fish, 30
to 60 cm long, were present in i976 (Fig. 5a), but
there were few in 1979 (Fig. 5b, and data from
commercial vessels).

The sex ratio within schools is variable. Males were
slightly dominant (59%) in 1979. There was no clear
change in the ratio as the 1979 fishing season

progressed (Table 3).

TABLE 3: Sex ratio within schools in 1979

l5
t6
t7
l8
l9

"/" male

55
51
57
52
68
52
64
57
60
56
67
60
5+
68

2

2.4
2.9
0.8
0.7
0.8

Date
(A"s)

12
t2
1+
T4
1+
I5
t5
16
t8
I9
20
2T
It
24

No. of
fish
r53
138
189
t63
2t7
t77
-1.1 I
.1.1.1

305
291
316
362
316
254

"k female
45
+9
43
+8
q9

+8
36
43
+o
4+

+o
+6
32

20
2r - 0.7
22 - O.7
24

*Classification of stages: l, juvenile; 2, immature; 3, maturing, no
hyaline eggs; 4, mature, some hyaline eggs; 5, running ripe; 6,
partially spent; 7, fully spent.

tNo fish taken 3 5+5 586 +1.4
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1979. Arrows indicate the approximate start of the season
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Age and s¡ze at matur¡ty
Merluccius australis is a long-lived species (ttty

unpublished data suggest that they may live for up to
30 years). The maximum recorded length is 132 cm.
Females do not mature until they are 60 to 70 cm long
(5 to 6 years old) (my unpublished data). This is
similar to M. merlucazs (Hickling 1930), but is much
larger than the length at maturity for other hakes. For
example, M. caþensis and M. þaradoxus both mature at
25 to 30 cm in length (Chlapowski 1974).

Diurnal behaviour
When the fishery begins, the catches are low and

show little diurnal variation. Later in the season the
hake schools vary in density and distribution off the
bottom. During the day they may be close to the
bottom or rising to over 30 m above it. At night the
fish generally rise into mid water and disperse.

Nursery grounds
Three hake nursery grounds have been identified.

Off Westland there is a ground between Cook Canyon
and Bruce Bay. In this area, in March 1980, many
O-group hake (less than I year old), l0 to ll cm long,
were meshed in trawl nets (M. Connelly pers.
comm.).

fn Pegasus Bay on the east coast of the South
Island, a few O-group fish, 5 to 7 cm long, were caught
in April 1979 and April 1980 by the fisheries
technology vessel W. J. Scott. The small size of these
fish suggests a January spawning (on the Chatham
Rise), whereas the l0- to ll-cm hake caught off
Westland in March 1980 suggest a September
spawning the previous year.

fn February 1972 the Japanese exploratory fishing
vessel Taiyo Ma4t 6I caught juvenile hake, I to 14 cm
long, on the east side of Campbell Island (Hisamune
1972) . Several recently spent female hake were caught
on the east side of the Auckland fslands in February
1979 by the West German î.actory trawler Wesermünde.
These data suggest that the third hake spawning area
may be somewhere on the Campbell Plateau.

fmmature fish, 25 to 40 cm long, are widespread in
water shallower than 100 m around the South Island,
but few are caught. Coastal fishermen have indicated
that before 1978 these small fish were common along
the west coast of the South Island, but they are now
rare. Data lrorn James Cook and W. J. Scott show that
the fish are also scattered locally along the east coast,
and Wesermünde caught eighty 30- to 35-cm fish in one
tow off Banks Peninsula in February 1979.

ll0100504030

b) Wesermunde (1929)

l0



The fishery

History

Japanese trawlers first reported catches of hake off
Westland in 1975. Of the total catch (71 t), 38 t were
taken by Shinkai Maru, which was surveying the area
for the Japan Marine Fishery Resource Research
Center (JAMARC 1976). In 1976 effort increased in
the mixed hoki-hake fishery, and 5005 t of hake were
caught. Shinkai Marucatght4lT toL this and provided
valuable information on the fishery (JAMARC 1979).

South Korean trawlers entered the fishery in 1977,
and the combined fleets, with up to 30 vessels on the
grounds during the season, took 17 806 t of hake.
There was a major reduction in effort during the
winter o1 1978 because the Japanese trawlers were
excluded from the New ZealandEEZ. The remaining
six South Korean trawlers caught only 225 t of hake,
even though it was a target species. As noted above,
this season may have been late, and the fleet may have
missed the schooling hake. Licensed foreign fishing
vessels were excluded from the fishery in 1979, but the
joint venture fleet of eight trawlers (one registered in
West Germany, five in Japan, and two in Korea)
caught +218 t of hake.

Seasonality
In 1976 the fishery began in early June (JAMARC

1979), catches remained constant through July, and
Japanese commercial fleet data show that hake were
caught as late as September by some vessels (Table
4). Kcrean data show that the 1977 fishery began in
mid June, peaked in mid July, and by early August
hake had apparently moved away. This is supported
by the data in Table 4. In 1979 the fishing began at
the end of July and finished a month later. Thus, the
seasons occurred at similar times in 1976 and 1977,
but later in 1979. As discussed above, the timing of
the season appears related to the drop in sea surface
temperature to below 14,5'c.

TABLE 4: Japanese hake catches

Catch (Q
r 976

I 885
1 809

431
4+9

457+ 1l 661

Month

Jun
J"l
Arrg
s.P

t977

3 548
6 787
1 290

36

The main area for the 1977 hake fishery was north
of the Hokitika Canyon (Fig. 6). This area was
defined by the catch rates of over I t per hour that
were recorded by two Korean trawlers (one class 7

and one class 10 (Table 5)) which landed a total of
2340 t.

June catches were low, generally less than I t per
hour, with no diurnal variation in catch rate. The
vessels fished mainly between 600 and 700 m. In the
last week of June, catches began to increase, with
rates of 2 to l0 t per hour being achieved. At this stage
there was diurnal variation as the daytime catch rates
increased. In the first week of July, catches reached
25 t per hour in 560 to 650 m. They stayed at this level

through the second week, with the vessels trawling
mainly in 560 to 590 m. Catch rares began to drop
through the third week, and by the end of July there
were very few hake caught between 540 and 700 m.

The proportions of hake and hoki in the catches of
the two Korean trawlers varied during June and July.

TABLE 5: Trawler size classes

The 1977 fishing season

CÌass GRT
I <300
2 300-ss0
3 550-1 000
4 r 000-1 500
5 I 500-2 000

Class GRT
6 2 000-2 500
7 2 500-3 000
I 3 000-4 000
I + 000-s 000

l0 5 000-€ 000

ll



On one day, a tow in 580 m produced 75%" hoki (ftorn
a total catch of B0 t) in the morning, and 907o hake
(from a 100-t catch) in the afternoon, when trawling
in the opposite direction along the same tow path.
The data show that towards the end of July hoki
began to make up the bulk of the catch in the depths
where hake were earlier caught. On 18 JuIy, in 560 m,
where on previous days hake had been caught, hoki
were taken at 5 to 7 t per hour.

This mixed nature of the 1977 deep-water fishery is

also shown in the Japanese catch summaries for July.
These show vessels fishing specifically for hake and

catching over 307o hoki.

Thus, the data suggest that hoki schools were in the
same area as hake schools and gradually replaced
them through July, presumably as the hake moved
out.

Fig. 6: Main hake fishing grounds, 1977 and 1979'

In 1979 hake were concentrated over a small area
north of the Hokitika Canyon (Fig. 6) . Individual
trawl station catch rates for the hake fleet were
summarised by week during August and plotted on to
New Zealand Oceanographic Institute bathymetric
charts. Most of the hake were in the 600- to 700-m
depth range, the greatest concentration being between
660 and 680m (Fig. 7), A negligible hake by-catch
was recorded by véssels working the hoki fishery
(above 600 m) at the same time as the hake fishery
was operating. Random trawl shots by Wesermünde

over the Westland region showed very few hake (less

than 0.02 t per hour) between 750 and 1000 m.
Therefore, placing the 600- and 700-m bottom
contours over this hake distribution defined east-west
boundaries and a southern boundary (the Hokitika
Canyon) to the area, The northern limit was defined
by the catch data. Thus, the hake distribution area
was calculated to be 243.8krn2.

Vessels began catching hake (but in small
quantities) in the last week of July. Mean catch rates

The 1979 fishing season

Ê
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Depth (m)Fig.7: 1979 hake catch rates by depth
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were I to 2 t per hour for the class 5 trawlers (see
Table 5) during the first week of August, and there
was no significant diurnal variation. Flowever, by the
end of the first week, rates had increased to 3 to 4 t per
hour during the day and dropped to 0.3 t per hour at
night. In the second week of August, catches
increased to 4 to 6 t per hour (l to 3 t per hour for
class 3 and 4 vessels). One trawler achieved a catch
rate of 72.6 t per hour on I0 August.

Through the third week of August the catch rates
varied considerably between vessels, but by the 20th

Figure 8 shows hake catches off Westland by half-
degree square from 1976 to 1979. There was a
substantial reduction in the area over which hake
were caught in 1979 compared with 1976 arrd 1977.

The most detailed trawl data are available lor L977
and 1979. In 1977 most of the hake were concentrated
over 903 km2. There were schools of both hake and
hoki in this area, with the greatest concentration of
fish being between 560 and 590 m. In 1979 hake were
concentrated over 244 km2 between 600 and 700 m.
Only hake schools were present.

Thus, the two major differences between L977 and
i979 were that in 1979 the distribution area was
significantly reduced and further to the south, and the
fishery was not mixed. There was no mixing because
hake schooled deeper than 600 m, whereas hoki
schools were shallower.

IJnfortunately there are no catch per effort data
available with which comparisons could be made
between 1977 and 1979.

all trawlers were achieving high carch rates (up to 60 t
per hour). On the afternoon of the 23rd catches
dropped abruptly from 10 to 20 t per hour to I to 2 t
per hour for most vessels. These rates increased again
to 8 to l0 t per hour on t}'e2Tth and 28th, but then
declined to less than I t per hour, and the trawlers
moved elsewhere.

The catches of hake during the 1979 fishery had
little by-catch. Hoki made up only a small part of the
catch and there was no indication of hoki schools in
the same depth range or area.

Changes in the fishery, 1976 to 1979

^' o

-!ñ=-/ Ift
q

oN:r

Fig. 8: Hake catches oIf Westland, 1976 to 1979.
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Standing stock estimation

The "area swept" method used in this analysis was

similar to that discussed by Alverson and Pereyra
(1969). They assumed that catch per unit of effort
(CPUE) is proportional to stock density within an
area. This can be expressed as:

Standing stock density D :

where

C : catc]nability coefficient,
d : catch rate (t per km trawled),
¿ : effective width swept by the trawl net (km),
z : number of trawls over which the summation

takes place.

Thus, standing stock size : DA

where

A : the bottom area over which the estimate is

being made (k*').

Inherent in this method is the assumption that the
distribution of trawl stations (for the calculation of d)

within A is random. Francis and Fisher (1979) and
Kono (1979) used this method to produce standing
stock estimates for fish resources within the New
Zealand EEZ. Botln these analyses used large strata
(half-degree squares) lor A, and the distribution of
trawl stations was not random. llowever, data were
stratified by depth and region to try to remove any
bias caused by non-random fishing.

In this study, commercial trawl data from the joint
venture fleet were used' The distribution of

commercial trawl stations is generally not random.
IIowever, in the 1979 hake fishery it is thought that
ttre area and depth range over which hake were
spread was so small that any departure from
randomness would have had little effect on the
estimations made here.

Area (A)

The hake distribution area was 243'8krn2.

Effestive width swept (a)

The effective width swept by a trawl is difficult to
assess because of the various degrees of herding by
trawl doors, sweeps, and bridles. In this method of

standing stock estimation, the region between the
wingtips is normally considered to be the effective
catching zone. Without data one can make no valid
assumptions about the increase in numbers of fish

Efiective width
Vessel iwept (km)

1 0.030
2 0.030
3 0.034
4 0,015

l\. d
;' cn

between the wingtips because of herding, llowever,
the overall effect of significant herding would be an

upward bias in density estimates.
For each vessel whose data were used, an estimate

of the wingtip distance was obtained from the captain
and checked against net plans and operating statistics
supplied by the vessel owners (Table 6) .

TABLE 6: operatins "i$.?*înjî trawls used in densitv

Opening height
(m)

12.0
12.0
r 0.5
12.O

Catchability coEfficient (Cl

The catchability coefficient, as defined here, is a
measure of the effectiveness of the trawl gear in

the proportion of those fish which are caught,

Availability. Tbe availability of hake varied
greatly during the 1979 season' This was clear from
ihe marked fluctuation in catch rates. The variation
occurred mainly because the schools of hake were

sometimes close to the bottom, and at other times
were 30 m off it (data from echo traces). However,
according to trawler captains, during the period 19-
23 August, the fish schooled close (5 to l0 m) to the

bottom. The fleet, including trawlers with low
headline nets, achieved high catch rates during this
period. Thus, since all vessels had headline heights of
ãt least l0 m (Table 6), C" could be taken as 1.0 for all
vessels. Data from this period were used in the stock
size estimation. Trawl shots made before 0700 and
after 1700 hours were omitted from the analysis
because oI the diurnal variation in availability.

Vulnerability. The mouth opening height and the
distance between the wingtips describe the effective
catching zone, which can be seen as a volume swept.
The vulnerability of fish entering this zone will vary
between species, gear types, headline heights, and
towing speeds.

14



llake are fast-swimming semi-pelagic fish and their
avoidance reaction to trawls appears to be to swim
upwards. This can be seen on net-sounders and also
because hake tend to be meshed in the upper panels of
nets. In 7977 two trawlers used nets with 25- and
32-m opening heights to reduce the number of fish
escaping.

Edwards (1968) used a coefficient of vulnerability
of 0.25 for Merluccius bilinearis with a 2-m headline net.
Andreyev (L977), in a discussion paper on the theory
of trawling, cites Sergeyev's (1969) estimation of the
absolute effici,ency (that is, vulnerability of fish) of a
3l-m trawl for herring and hake as 0.46 at 4 knots,
and 0.57 at 4.5 knots. The opening height of a

standard Soviet 3l-m trawl is 6 m and the wingtip
spread is 20 m (measurements supplied by Sov-

rybflot).
With the l0- to l2-m headline-height nets used in

the Westland hake fishery, the vulnerability would be
high, but not necessarily higher than 0.46 because the
towing speeds were often less than 4 knots. Thus, in
this analysis the efficiency of trawls was taken as 0.46.

Estimation
These stock size estimates are plus or minus one

standard deviation.

Standing stock density,
D (t/km2) : 159.8 'r 29.5; n : 32
Area A : 243.8krn2
Stock size : 38 970 -r- 7190 t

Lower bound for standing stock size : 20 200 t
IJpper bound for standing stock size : 61 200 t

The standard deviation is due to variation in the catch
rate (d). No account has been taken of the variability
or imprecision in the other variables. It was not
possible to quantify this imprecision for each variable
in turn. fnstead, it was thought that the imprecision
in all three variables could be accounted for by use of
a range of values for C. Thus, upper and lower bounds
are given in place of a confidence interval for the
estimate of standing stock size. The lower bound is
two standard deviations below the stock size estimate
when C : 0.56, whereas the upper bound is two
standard deviations above the estimate when
C : 0.36.

Westland hake stock size
These estimates are for the stock size of hake within

area A. To obtain total standing stock estimates for
the Westland hake population, the fraction of the total
population available in the estimation zone must be
established.

There was no significant sign of hake outside this
arèa. It appeared that the hake formed prespawning
schools and then at the end of August moved to where
they were not vulnerable to fishing. Because of this
schooling behaviour, the period when the estimation
was made was likely to be the time of maximum fish
density (when the whole of the population was
available).

These estimates were also based solely on the adult
populatioñ. Flowever, there were no signs of a
significant population of juveniles, and so their
contribution to the total standing stock would be
negligible. Thus, the estimates represent the total
standing stock of Westland hake.
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Fishery potential

There has been a hake fishery off Westland for 5

years, but it has been subjected to intensive fishing
pressure during this time. Standing stock estimates for
1976, made by Japanese and New Zeala¡d scientists
(Patchell 1979), were 43 000 and 98 000 t respect-
ively. However, both estimations failed to consider the
schooling behaviour and movement patterns of hake
(indicated by echo surveys and the wide variation in
catches). This resulted in an overestimation of the
value of A, and consequently these stock estimates did
not represent the unexploited standing stock of hake,
Flowever, from the stock estimate in this publication
(38 970 t) and the total catch since 1976 (23 036 t), it
seems likely that the virgin biomass did not exceed
80 000 t.

Current stock production theory (after Gulland
1970) suggests that the maximum sustainable yield
(MSY or Y-o) is achieved when the exploitable
population reaches about half of its unexploited
biomass (Bo), and F (instantaneous fishing mortality)
is approximately equal to M (instantaneous natural
mortality). With these assumptions, MSY can be
calculated as: MSY : O.SMBo.

If the present Westland hake stock is assumed to be
half the unexploited biomass, the yield can be
calculated as (M x exploited biomass). No mortality
estimates are available lor M. australis, but there are
published values for other hake species, for example,
M: 0.3 for South African hake (ICSEAF 1979).
Because the longevity o1 M. australis is believed to be

much greater than that of South African hake, its
value of M can be assumed to be less. In Table 7 a
range of yields has been calculated with values lor M
of 0.1 and 0.2. If the natural mortality is low, yields of
about 3900 t per year could be consistently achieved'
If Mis closer to 0.2, yields as high as 7800 twould be
possible.

TABLE 7: Possible y'elds according to stock size

Yield (t)

Standing stock Upper bound
(3s 000 t) (61 000 Ð

Natu¡al Lower bound
mortality (20 000 t)

0.1 2 000
0.2 4 000

6 100
12 200

3 900
7 800
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Summary and conclusions

The major fishery for New Zealand hake occurs off
the west coast of the South Island (Westland) during
winter. There is a minor fishery during summer on the
Chatham Rise. At present, for management purposes
each fishery is regarded as being on a distinct stock
unit.

In 1977 and 1979 hake schooled north of the
Hokitika Canyon on the west coast, and it is inferred
that the onset of schooling is associated with
prespawning behaviour and a drop in sea surface
temperature to below 14.5'c.

Prespawning concentrations of hake are fished, and
the evidence suggests that the fishery ends when the
hake move south into the south-westerly current to
spawn. It appears that these spawning schools have
not been located by trawlers, except perhaps in 1976
when hake were caught as late as September. This
suggests that hake spend most of their time in mid
water during the spawning period and so are not
available to the traditional boftom trawl fishery. A
similar phenomenon has been reported for other hake
species. Botha (1973, cited by O'Toole 1978)
indicated that M. caþensis shoals become more pelagic
during the spawning phase and show little diurnal
variation. This has also been observed in the Pacific
hake, M. þroductus (Dark 1975, cited by O'Toole
l e78).

There appears to have been a significant reduction
in the mean standing stock size of Westland hake to
the present level of 38 970 t; but it has not been
possible to show any change in CPUE for the fishery
because of the type of data available before 1979.

If the natural mortality (À41 lies between 0.1 and
0.2, and the stock is at a level of one-half the
unexploited biomass, the mean yields will be in the
range of 3900 to 7800 t per year. llowever,
management strategies should not aim to achieve
maximum yields in this fishery for the following

L The concept of an achievable MSY can be
questioned. Gulland (1969, page 100) states "it is
very doubtful if the attainment of the maximum
sustainable yield from any one stock of fish should
be the objective of management except in
exceptional circumstances." Larkin (1977, page 3)
states "MSY involves greater elements of potential
instability than are characteristic of unexploited
stocks" and (on page 4) "for even a single species
population it does not seem likely that an MSY
based on the analysis of the historic statistics of a
fishery is really attainable on a sustained basis."

2. Hake were widespread in 1976 and 1977, but in
1979 there was a significant reduction in their area
of distribution.

3. Juvenile fish were absent from the 1979 fishery and
they have apparently disappeared from in-shore
grounds. If there has been a major decline in the
number of juveniles, this will have a significant
effect on recruitment to the fishery over the next few
years. Prespawning concentrations of hake are
fished, and, depending on the stock recruitment
relationship, this could affect population recruit-
ment. Furthermore, if there has been a serious drop
in population recruitment in recent years, the stock
is not in equilibrium. The hear,y fishing pressure
may have changed the recruitment relationship to
one where, with the normal random variation in
fertility, there could easily be a serious drop in
recruitment.

Little is known of the long-term variability of the
Westland hake fishery, and, because of the dangers in
trying to maximise the yield from a fishery, it would
be prudent to limit the total allowable catch to a level
well below the maximum sustainable yield until more
data are available.
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